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Description
FIELD OF THE INVENTION

[0001] The invention relates to a method defined in
claim 1 for forming powder particles.

BACKGROUND OF THE INVENTION

[0002] Known from prior art is different methods for
forming metal based composite powder, e.g. WC com-
posite material. Typically the fused and crushed process-
ing route of composite powder consists of next steps:
mixing of precursors, thermal synthesis, crushing, siev-
ing, spheroidization, if spherical powder with good flow-
ability is needed, and classification.

[0003] Some metals, such as tungsten W and cobalt
Co have been listed as critical metals. Therefore it is im-
portant to find substituting materials which have similar
properties than the critical metals.

[0004] US 2005/0279187, KR 100257479, KR
20110007717, CN 102206081 and CN 101704682 dis-
close methods for making different composite powders.

OBJECTIVE OF THE INVENTION

[0005] The objective of the invention is to disclose a
new method for forming powder particles. Another ob-
jective of the invention is to produce a new type powder
particles product. Another objective of the invention is to
find substituting materials for critical material, e.g. W or
Co based materials, and new processing routes for
these. Another objective of the invention is to produce
composite powders suitable for new manufacturing tech-
nologies, e.g. for additive manufacturing.

SUMMARY OF THE INVENTION

[0006] The method according to the invention is char-
acterized by what has been presented in the claims.

DETAILED DESCRIPTION OF THE INVENTION

[0007] The invention relates to a method for forming
powder particles. The method comprises: feeding a start
material mixture including more than one constituents in
the form of granules into a reactor comprising a reaction
zone, e.g. a reactor chamber, and a heat source, prefer-
ably atleastone heatsource; performing reactive thermal
synthesis, exothermic reactive synthesis, in the reaction
zone in which the start material mixture is moved, pref-
erably fluidized, and the constituents of the start material
mixture react in the presence of heat so that the reaction
is started by means of heat of the reactor and energy of
the start material mixture is released in the form of heat
in order to achieve the reaction; and producing powder
particles during the reaction.

[0008] The invention is based on a rapid synthesis.
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Further, the invention is based on an in-situ synthesis.
Further, the invention is based on an exothermic reaction.
During the synthesis one constituent of the start material
mixture reacts with another constituent of the start ma-
terial mixture. Further, the invention is based on a com-
bination of the start material that is moved, preferably
fluidized, in the reaction zone and heat during the reac-
tion. Then loose powder particles can be formed in the
reactor. Preferably, the invention is based on a formation
of powder particles, e.g. in one embodiment a formation
of carbide based powder particles.

[0009] Inthis context, the start material mixture means
any start material mixture comprising suitable constitu-
ents, e.g. at least metal, carbon, nitrogen, oxygen and/or
inorganic constituent. The start material mixture contains
more than one constituent. The start material mixture
may comprise any suitable constituents. In one embod-
iment, the start material mixture includes carbon, titani-
um, zirconium, boron, nitrogen, iron nickel, or their com-
binations, i.e. their mixtures. The start material mixture
is in the form of granules when it is fed into a reactor.
The granule comprises at least two different elements,
such as constituents. In one embodiment, the start ma-
terial mixture is reactive material so that it is suitable to
react in the presence of heat in the reactor. In one em-
bodiment, the start material mixture comprises reactive
precursor material. In one embodiment, the start material
mixture is a homogeneous mixture.

[0010] The start material mixture is formed from atleast
two raw material components by means of mixing and
granulation so that the particles of the raw material com-
ponents are mixed and granulated in order to form gran-
ules. In one embodiment, the particles of the raw material
components are modified, mixed and granulated in order
to form granules. In this context, the raw material com-
ponent should be understood as referring to any suitable
raw material. In one embodiment, the raw material is a
recycled material, e.g. from used products or from an
overflow of powder particles. In one embodiment, the raw
material component is modified before the forming of the
granules and/or during the forming of the granules. In
one embodiment, the particles of the raw material com-
ponent have been modified, e.g. by means of a mechan-
ical milling of particles. Particle modification and granu-
lation of the raw material ensure good contact with re-
acting components and controlled packing. Good contact
between the constituents of the starting material mixture
is essential for the homogenous structure of the powder
particle product.

[0011] In one embodiment, the start material mixture
includes an agent that facilitates the formation of the
granule. In one embodiment, the granule of the start ma-
terial mixture contains a binder. In one embodiment, the
granule of the start material mixture includes carbon, ti-
tanium oxide and/or aluminum oxide, preferably as a
binder. Preferably, the granule of the start material mix-
ture contains a fine-grained binder for facilitating the for-
mation of the granule.
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[0012] The size of the granule of the start material mix-
ture is below 0.5 mm. In one embodiment, the different
granules have different particle sizes. When the granules
have small size, the rapid synthesis is possible.

[0013] In one embodiment, the reactor comprises at
least one heat source, such as a high temperature
source. In one embodiment, the reactor comprises a
flame based heating unit. In one embodiment, the reactor
comprises an oxygen-acetylene flame unit. In one em-
bodiment, the reactor comprises a plasma initialization
unit. In one embodiment, the reactor comprises a resist-
ance furnace. In one embodiment, the reactor comprises
an induction based heat source. In one embodiment, the
reactor comprises a laser based heat source. The heat
works as an initiator of the reaction. In one embodiment,
a resistance furnace, an induction based heat source or
a laser besed heat source is used as the heat source in
the reactor. flame synthesis, a flame pyrolysis, a laser
initialization or a plasma initialization or their combination
is performed in the reaction zone, e.g. in the reactor
chamber. In one embodiment, a flame synthesis is per-
formed in the reaction zone. In one embodiment, a flame
pyrolysis is performed in the reaction zone. In one em-
bodiment, alaserinitialization is performed in the reaction
zone. In one embodiment, a plasma initialization is per-
formed in the reaction zone. The start material mixture
is fed to the high temperature source in the reaction zone
where the constituents of the start material mixture react
in order to form desired composite powder particles. The
heat source triggers the carbide, boride, nitride and/or
oxide formation reaction and the granules are heated
through the whole granule. The heat of the heat source
is used as an initiator of the reaction and heat energy is
generated by means of the reaction in the reaction zone.
[0014] In one embodiment, high processing tempera-
ture is used in the reaction zone. In one embodiment, the
temperature is over 1100 °C, or over 1300 °C, or over
1500 °C. In one embodiment, short processing time is
used. In one embodiment, short retention time is used in
the reaction zone. In one embodiment, the short retention
time is adjusted depending on the start material mixture,
the reactor and other processing conditions. In one em-
bodiment, the retention time is about below 5 seconds.
In one embodiment, the high processing temperature and
short retention time are used in the reaction zone, i.e.
the start material mixture is processed under conditions
comprising high processing temperature and short reten-
tion time in the reaction zone.

[0015] In one embodiment, the start material mixture
is fluidized in the reaction zone. Then the granules don’t
adhere together. Further, the powder particles are loose.
[0016] Preferably, thereaction of the start material mix-
ture is an exothermic reaction. In one embodiment, total
energy of formation of the powder particles is determined
as fOIIOWing: Etotal = Ereaction of constitu-ents + Eheat source-
Epeat source €@N be used only as aninitiator of the reaction,
and then it can be minimized.

[0017] In one embodiment, protective gas is used for
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avoiding oxidation in the reactor. In one embodiment, the
protective gas is introduced into the reaction zone. In one
embodiment, the protective gas is argon, nitrogen, hy-
drogen based gas or other suitable gas. In one embod-
iment, the protective gasisinert gas. In one embodiment,
the protective gas is reactive gas, such as nitrogen or
hydrogen based gas.

[0018] In one embodiment, an additive is introduced
into the start material mixture. The additive may be an
organic binder, an initiator agent or another suitable ad-
ditive. In one embodiment, the additive is introduced into
the start material mixture before the reactor, or during
the reaction in the reactor. However, in a preferred em-
bodiment, an additive is not necessary in the reaction of
the invention.

[0019] In one embodiment, the start material mixture
feed, heat of the reactor and processing time are con-
trollable and adjustable in the reactor. In one embodi-
ment, the start material mixture feed, heat of the reactor
and processing time are controlled and adjusted to im-
prove the reaction in the reaction zone.

[0020] In one embodiment, the synthesis is TiC-metal
synthesis. In one embodiment, the synthesisis TiB-metal
synthesis. In one embodiment, the synthesisis ZrB-metal
synthesis. In one embodiment, the synthesis is B,C-met-
al synthesis.

[0021] In one embodiment, powder particles which
have good flowability are produced. In one embodiment,
spheroidized particles are produced. In one embodiment,
smooth and round particles are produced. The particle
size of the powder particles is below 500 um, preferably
below 250 wm and more preferably below 125 pm.
[0022] Composite particles are produced. In one em-
bodiment, carbide based composite particles are pro-
duced. In one embodiment, metal based composite par-
ticles are produced. In one embodiment, a fine structured
alloy is produced. Powder particles which belong to the
group consisting of particles of TiC, TiB,, TiC-Fe, Ti(N,C),
TiC-Al,03, ZrB,, B,C or B,C-Al,O5 or their combinations
are formed during the reaction.

[0023] In one embodiment, the powder particles are
cooled.
[0024] In one embodiment, the classification is made

by means of any suitable classification device after the
reactor.

[0025] Inthe presentinvention, a powder particle prod-
uct can be formed by means of the method described
hereinbefore. The product may be an intermediate prod-
uct or a final product. In one embodiment, the product is
supplied to an additional processing step.

[0026] The method of the present invention is suitable
for new manufacturing technologies, such as additive
manufacturing. In one embodiment, the method is used
ina manufacture of composite powders, in a manufacture
of composite materials, in a bulk component manufac-
ture, in an additive manufacture, in a laser sintering, in a
laser melting, in a laser cladding, in a thermal spraying,
in a coating manufacture, e.g. in thermal spray coatings,
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in applications where high mechanical properties, high
temperature resistance and/or wear resistance are need-
ed, or in their combinations.

[0027] In the present invention alloyed, e.g. micro-al-
loyed, and rapid manufactured composites, such as car-
bide based composites, can be formed. The invention
provides the advantage that shortened process route is
provided when comparing it with conventional composite
powder processes. The invention decreases processing
steps, and the invention comprises steps: mixing and
granulation of start material, reactive synthesis and clas-
sification. The method of the invention comprising short
processing time and high processing temperature are
enabling to use lower grade raw materials and to make
nano modification of powders effectively. Thanks to the
invention the product can be formed directly as powder
particles. Fine structured spheroidized powder with
smooth and round particles can be produced. Further,
powder particles have improved properties, such as good
flowability, increased hardness and increased tough-
ness. Preferably, the chemical composition together with
the processing route determines the microstructure and
subsequently the properties of the product.

[0028] Thanks to the invention the reaction can be ad-
justed. Further, the energy of the heat source can be
decreased. Further, reactivity can be increased.

[0029] The method of the invention offers a possibility
to form powder particles cost-effectively and energy-ef-
fectively. The present invention provides an industrially
applicable, economic and affordable way of producing
powder particles. The method of the present invention is
easy and simple to realize as a production process.

BRIEF DESCRIPTION OF THE FIGURES

[0030] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
constitutes a part of this specification, illustrate some em-
bodiments of the invention and together with the descrip-
tion help to explain the principles of the invention. In the
drawings:

Fig. 1is aflow chartillustration of a method according
to one embodiment of the present invention, and
Fig. 2 shows one embodiment of synthesized parti-

cles.
EXAMPLES
[0031] The invention is described in more detail by the
following examples with reference to accompanying
drawings.
[0032] The description below discloses some embod-

iments of the invention in such a detail that a person
skilled in the art is able to utilize the invention based on
the disclosure. Not all steps of the embodiments are dis-
cussed in detail, as many of the steps will be obvious for
the person skilled in the art based on this specification.
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[0033] Figure 1 illustrates a process that may be used
to implement a method according to one embodiment of
the present invention for forming powder particles prod-
uct.

Example 1

[0034] In this example, powder particles are formed
according to a process of Fig. 1.

[0035] A start material mixture (1), such as reactive
precursor material, comprises at least two different con-
stituents which contain metal, carbon and inorganic con-
stituent. The start material mixture has been granulated.
The start material granules are fed into a reactor (2), into
the reaction zone, and introduced to a high temperature
source (3), such as flame heating unit, where the start
material granules (1) are fluidized and where they react
and form powder particle product (4) comprising spher-
ical powder particles.

[0036] The devices used in this invention are known
per se, and therefore they are not described in any more
detail in this context.

Example 2

[0037] In these tests, powder particles were formed
according to a process of the present invention.

[0038] TiC-metal particles were formed in-situ TiC-
metal synthesis using oxygen-acetylene flame, which
was a rapid synthesis for forming carbide based product.
Granules of the start material mixture were introduced
into the reaction zone, which was flame heating unit,
where the flame pyrolysis was performed. The reaction
was started with the flame, and the reaction between
constituents of the start material mixture was based on
an exothermic reaction. Using flame heating unit start
material feed and combustion heat and start material re-
tention time in the flame can be adjusted and controlled
effectively. Spheroidized, TiC-metal matrix composite
powders were able to be done with flame heating setup.
Oxidation was avoided by using protective gas like argon.
[0039] It was observed that the in-situ exothermic re-
action synthesis ensures the strong bond between hard
carbide particles and ductile continuous matrix. It was
observed that smooth and round TiC-metal particles can
be produced in the tests. The synthesized powder mor-
phology is shown in Fig. 2.

[0040] The method according to the invention is suit-
able in different embodiments to be used for forming the
most different kinds of powder particles.

Claims

1. A method for forming powder particles, the method
comprising the steps of

-forming granules from the start material mixture
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including more than one constituent by granu-
lating the starting material mixture to the gran-
ules which comprise at least two constituents
and size of which is below 0.5 mm,

- feeding the granules into areaction zone of the
reactor in which the thermal synthesis is per-
formed, and the reactor comprises a heat
source,

- performing the thermal synthesis, which is se-
lected from a flame synthesis, a flame pyrolysis,
a laser initialization, a plasma initialization or
their combinations, in the reaction zone in which
the granules are moved and the constituents of
the granules react in the presence of heat to
form composite powder particles, and the reac-
tion is started by means of heat of the heat
source and heat energy is generated by means
of the reaction in the reaction zone and is re-
leased in order to achieve the reaction between
the constituents, and

- producing directly the composite powder par-
ticles, particle size of which is below 500 um and
which belong to the group consisting of particles
of TiC, TiB,, TiC-Fe, Ti(N,C), TiC-Al,O4, ZrB,,
B4C or B4,C-Al,O5 or their combinations, during
the reaction in the reaction zone.

The method according to claim 1, characterized in
that the start material mixture includes a binder.

The method according to claim 1 or 2, characterized
in that the start material mixture includes carbon,
titanium, zirconium, boron, nitrogen, iron aluminum
or their combinations.

The method according to any one of claims 1 to 3,
characterized in that a resistance furnace, an in-
duction based heat source or a laser based heat
source is used as the heat source in the reactor.

The method according to any one of claims 1 to 4,
characterized in that high processing temperature
which is over 1100 °C and short retention time which
is below 5 seconds are used in the reaction zone.

The method according to any one of claims 1 to 5,
characterized in that protective gas is used for
avoiding oxidation in the reactor.

The method according to any one of claims 1 to 6,
characterized in that the powder particles which
are spheroidized particles are produced.

The method according to any one of claims 1 to 7,
characterized in that a powder particle product
which consists of the composite powder particles is
produced.
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Patentanspriiche

Verfahren zum Bilden von Pulverpartikeln, wobei
das Verfahren die Schritte umfasst:

- Bilden von Kdérnchen aus der Ausgangsmate-
rialmischung, die mehr als einen Bestandteil
enthalt, durch Granulieren der Ausgangsmate-
rialmischung zu den Kdérnchen, die zumindest
zwei Bestandteile enthalten und deren Grofle
unter 0,5 mm liegt,

- Einspeisen der Kérnchen in eine Reaktionszo-
ne des Reaktors, in der die thermische Synthese
durchgeflhrt wird, wobei der Reaktor eine War-
mequelle aufweist,

- Durchfiihren der thermischen Synthese, die
ausgewahlt ist aus einer Flammensynthese, ei-
ner Flammenpyrolyse, einer Laserinitialisie-
rung, einer Plasmainitialisierung oder deren
Kombinationen, in der Reaktionszone, in der die
Kdérnchen bewegt werden und die Bestandteile
der Kérnchen in Gegenwart von Warme reagie-
ren, um zusammengesetzte Pulverpartikel zu
bilden, und die Reaktion mittels Warme der War-
mequelle gestartet wird und Warmeenergie
durch die Reaktion in der Reaktionszone er-
zeugt und freigesetzt wird, um die Reaktion zwi-
schen den Bestandteilen zu erreichen, und

- direktes Herstellen der zusammengesetzten
Pulverpartikel, deren PartikelgroRe unter 500
pm liegt und die zu der Gruppe gehoren, die aus
Partikeln aus TiC, TiB,, TiC-Fe, Ti(N,C), TiC-
Al,O3, ZrB,, B,C oder B,C-Al,O5 oder deren
Kombinationen besteht, wahrend der Reaktion
in der Reaktionszone.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Ausgangsmaterialmischung ein
Bindemittel enthalt.

Verfahren nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass die Ausgangsmaterialmi-
schung Kohlenstoff, Titan, Zirkonium, Bor, Stickstoff,
Eisen, Aluminium oder deren Kombinationen ent-
halt.

Verfahren nach einem der Anspriiche 1 bis 3, da-
durch gekennzeichnet, dass als die Warmequelle
in dem Reaktor ein Widerstandsofen, eine Warme-
quelle auf Induktionsbasis oder eine Warmequelle
auf Laserbasis genutzt wird.

Verfahren nach einem der Anspriiche 1 bis 4, da-
durch gekennzeichnet, dass in der Reaktionszone
eine hohe Verarbeitungstemperatur, die tber 1100
°C liegt, und eine kurze Verweilzeit, die unter 5 Se-
kunden liegt, eingesetzt werden.
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Verfahren nach einem der Anspriiche 1 bis 5, da-
durch gekennzeichnet, dass zur Vermeidung von
Oxidation in dem Reaktor Schutzgas eingesetzt
wird.

Verfahren nach einem der Anspriiche 1 bis 6, da-
durch gekennzeichnet, dass die Pulverpartikel, die
spharoidisierte Partikel sind, hergestellt werden.

Verfahren nach einem der Anspriiche 1 bis 7, da-
durch gekennzeichnet, dass ein Pulverpartikel-
produkt, das aus den zusammengesetzten Pulver-
partikeln besteht, hergestellt wird.

Revendications

Procédé de formation de particules de poudre, le
procédé comprenant les étapes de

- formation de granulés a partir du mélange de
matieres premiéres comprenant plus d’un cons-
tituant par granulation du mélange de matiéres
premiéres en les granulés qui comprennent au
moins deux constituants et dont la taille est in-
férieure a 0,5 mm,

- introduction des granulés dans une zone de
réaction du réacteur dans lequel la synthése
thermique est réalisée, et le réacteur comprend
une source de chaleur,

- réalisation de la synthése thermique, qui est
choisie parmi une synthése par flamme, une py-
rolyse avec flamme, une initialisation par laser,
une initialisation par plasma ou leurs combinai-
sons, dans la zone de réaction dans laquelle les
granulés sont déplacés et les constituants des
granulés réagissent en présence de chaleur
pour former des particules de poudre composi-
te, etla réaction est démarrée au moyen de cha-
leur de la source de chaleur et I'énergie thermi-
que est générée au moyen de la réaction dans
la zone de réaction et est libérée afin d’obtenir
la réaction entre les constituants, et

- production directe des particules de poudre
composite, dont la taille de particule estinférieu-
re a 500 pm et qui appartiennent au groupe
constitué de particules de TiC, TiB,, TiC-Fe,
Ti(N,C), TiC-Al,0g, ZrB,, B,C ou B,C-Al,O5 ou
leurs combinaisons, pendant la réaction dans la
zone de réaction.

Procédé selon larevendication 1, caractérisé en ce
que le mélange de matiéres premieres comprend
un liant.

Procédé selon la revendication 1 ou 2, caractérisé
en ce que le mélange de matiéres premiéres com-
prend du carbone, du titane, du zirconium, du bore,

10

15

20

25

30

35

40

45

50

55

de l'azote, du fer, de I'aluminium ou leurs combinai-
sons.

Procédé selon I'une quelconque des revendications
1 a 3, caractérisé en ce qu’un four a résistance,
une source de chaleur a induction ou une source de
chaleur a laser est utilisé en tant que source de cha-
leur dans le réacteur.

Procédé selon I'une quelconque des revendications
1 a4, caractérisé en ce qu’une température de trai-
tement élevée qui est supérieure a 1 100 °C et un
temps de séjour court qui est inférieur a 5 secondes
sont utilisés dans la zone de réaction.

Procédé selon I'une quelconque des revendications
1 a 5, caractérisé en ce qu’un gaz protecteur est
utilisé pour éviter une oxydation dans le réacteur.

Procédé selon I'une quelconque des revendications
1a6, caractérisé en ce que les particules de poudre
quisontdes particules sphéroidisées sont produites.

Procédé selon I'une quelconque des revendications
1a7, caractérisé en ce qu’un produit de particules
de poudre qui est constitué des particules de poudre
composite est produit.
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Fig. 2
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